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INTRODUCTION Background
There are greater than 2 million annual emergency department (ED) visits for suspected renal colic in the United States, and computed tomography (CT) scanning is now performed for more than 90% of patients who receive a diagnosis of kidney stone. 1, 2 Despite a significant increase in CT use for diagnosis during the last 2 decades, patientcentered outcomes such as admission and intervention do not appear to have been affected. 3, 4 In 2014, a multicenter prospective trial randomized patients with suspected renal colic to CT, radiology-performed ultrasonography, or point-of-care ultrasonography and concluded that initial ultrasonography reduced radiation exposure without adversely affecting patient-centered outcomes. 5 Despite this evidence, recent data suggest that ultrasonography is used for less than 7% of patients receiving a diagnosis of kidney stone, and CT use has continued to increase. 1 Similarly, although reduced-radiation-dose CT is recommended for the evaluation of renal colic, it is used for less than 10% of patients with kidney stone. 6 Renal colic is a self-limited condition in most patients. However, CT can effectively guide therapy in the subset of patients requiring urologic intervention and can detect alternate conditions in patients with similar symptoms (eg, appendicitis). There is wide practice variation in the initial imaging decisions in patients with renal colic. 7 Although guidelines on "appropriate use" have been developed, they tend to emphasize CT without providing guidance on optimal imaging or scenarios in which CT may not be needed. [8] [9] [10] We convened a multispecialty group with representation from national organizations including emergency medicine,
Editor's Capsule Summary
What is already known on this topic Computed tomography (CT) scanning is commonly used for patients with suspected renal colic, and ultrasonography may be underused.
What question this study addressed This literature review and multispecialty expert panel sought to reach consensus on imaging strategies in different clinical scenarios and to specify when CT was not necessary in the emergency department (ED) .
What this study adds to our knowledge Urologists, radiologists, and emergency physicians agreed that in many scenarios, CT is not necessary.
How this is relevant to clinical practice CT is not necessary in the ED evaluation of many patients with suspected renal colic, and the decision should be influenced by factors including age, clinical suspicion, history of kidney stone, pregnancy, and relief of pain. urology, and radiology to perform a systematic literature review and seek consensus on imaging approaches in specific clinical scenarios in which renal colic was suspected, with an emphasis on situations in which CT may not be required.
MATERIALS AND METHODS
This initiative was formed under the Emergency Quality Network (https://www.acep.org/equal/), a Centers for Medicare & Medicaid Services-funded Support and Alignment Network, which is part of a Transforming Clinical Practice Initiative and administered through the American College of Emergency Physicians (ACEP). A 9-member panel was sought, with representation from 3 specialty societies: ACEP (through the Emergency Quality Network) (C.L.M., C.R.C., and K.K.), the American College of Radiology (M.H., C.M., and E.M.R.), and the American Urological Association (A.K., C.S., and K.S.). All panel members were board-certified practicing academic physicians and were nominated according to previous work on specialtyspecific guidelines. The project was led by C.L.M.
Consensus definitions are included in Appendix E1, available online at http://www.annemergmed.com. The clinical question was, "For patients presenting to the ED with pain suspected to be uncomplicated renal colic, what imaging should be pursued compared with standard noncontrast CT scanning to optimize patient-centered outcomes?" A systematic literature review was performed that followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines. National Library of Medicine PubMed and EMBASE databases were queried for English-language articles published between January 1995 and May 2018, using a search strategy including Medical Subject Headings, as well as key words (Appendix E2, available online at http://www.annemergmed.com). Relevant articles were rated for quality of evidence with a hybrid tool that combined the Quality Assessment of Diagnostic Accuracy Studies-2 instrument with the ACEP Clinical Policy Committee criteria for diagnostic questions to rate evidence as I, II, III, or X (Appendix E3, available online at http://www.annemergmed.com). Some articles not amenable to rating by this tool were included after review, rated "n/a" (not applicable).
After reviewing and summarizing the literature for imaging modalities, we delineated specific clinical scenarios to illustrate decisionmaking with respect to initial imaging. We composed 29 brief clinical vignettes representing a balance of possible permutations (age, sex, pregnancy status, likelihood of stone disease, and likelihood of acute alternative diagnosis) ( Table 1) . Consensus was sought with a modified Delphi process that included 3 rounds of anonymous voting, with 2 group discussions between rounds. All 9 members of the group answered the vignettes in a blinded fashion.
For each clinical scenario, the physician was asked to select the "optimal diagnostic imaging strategy," using a priori definitions (Appendix E1, available online at http:// www.annemergmed.com). Imaging options included no (further) imaging, point-of-care ultrasonography, radiology-performed ultrasonography, reduced-radiationdose CT, standard CT (noncontrast), and CT with intravenous contrast. For purposes of defining consensus, imaging modalities were separated into 3 groups (no further imaging, ultrasonography, and CT), although subtypes within imaging modalities are reported. A priori, consensus was defined as perfect (9/9), excellent (8/9), good (6 to 7/9), moderate (5/9), and not reached (<5/9).
RESULTS
Of 6,337 articles screened, 232 were deemed relevant, with acceptable methodology (Figure; Appendix E4, available online at http://www.annemergmed.com). Of key articles provided by authors blinded to the search results, 100% (95% confidence interval 93% to 100%) were identified, indicating excellent capture of relevant articles. Interobserver agreement for inclusion or exclusion yielded a k of 0.45 (95% confidence interval 0.26 to 0.63). Abbreviated review of the literature for the main imaging modalities (radiology-performed ultrasonography, point-ofcare ultrasonography, standard CT, and reduced-radiationdose CT) that was used as the basis for the discussion and the consensus process follows. For radiology-performed ultrasonography, there were 43 relevant articles with grades of evidence 1 (n¼3), 2 (n¼17), 3 (n¼20), and n/a (n¼3). Reported sensitivity of radiology-performed ultrasonography for kidney stone varied widely, ranging from 3% to 98%, depending on whether direct stone visualization was required or whether indirect evidence of stone presence (hydronephrosis) was sufficient. 11, 12 Although radiology-performed ultrasonography is less sensitive for detection of stones than CT, several studies show that it is unlikely to miss stones requiring intervention. [13] [14] [15] For point-of-care ultrasonography, there were 15 articles with grades of evidence 1 (n¼4), 2 (n¼8), 3 (n¼2), and n/a (n¼1).
Diagnostic accuracy was based on presence of hydronephrosis rather than direct visualization of stone, and pooled results yielded sensitivity of 70.2% and specificity of 75.4%, although specificity increased to 94.4% when moderate or greater hydronephrosis was used as a criterion. [16] [17] [18] CT is accepted as the reference modality for diagnosis of kidney stones, and we did not seek to assess the accuracy of CT for kidney stone; rather, we sought to understand how often CT identified other pathologies and affected management. There were 36 relevant articles addressing alternative findings on CT, with grades of evidence 1 (n¼3), 2 (n¼9), 3 (n¼20), and n/a (n¼4) ( Table E1 , available online at http://www.annemergmed.com). The prevalence of alternate findings ranged from 0% to 33%; however, definitions of acute alternate diagnoses varied widely. With consensus definitions (Appendix E1, available online at http://www.annemergmed.com), the prevalence of acute, clinically important alternate findings is typically less than 5%. Despite the potential for CT to predict need for intervention, studies have shown little change in rates of admission or intervention with increasing CT use. 3, 4 A secondary analysis of a multicenter randomized trial comparing ultrasonography with CT as an initial imaging modality found no significant difference between timing of urologic intervention based on the initial imaging modality. 19 Although there is controversy in regard to risk of radiation from CT, most practitioners, radiologists, and organizations continue to adhere to the "as low as reasonably achievable" principle for radiation levels in diagnostic imaging. Statements from ACEP, the American College of Radiology, and the American Urological Association recommend using reduced-dose CT. 8, 10, 20 Despite these recommendations, in 2011 to 2012 only 2% of studies for suspected renal colic were performed with a reduced-radiation-dose CT technique, and as of 2015 to 2016, this percentage had increased to only 8%. 6 There were 50 relevant articles on reduced-radiation-dose CT with evidence levels 1 (n¼9), 2 (n¼27), 3 (n¼10), and n/a (n¼4). For ureteral stone identification, sensitivities of reduced-radiation-dose CT range from 90% to 95% and specificities from 97% to 99%. 21 Reduced-radiation-dose CT is particularly sensitive for larger stones, which are more likely to require intervention. 22, 23 The level of consensus by round of voting, as well as proportions of imaging modalities recommended, is shown in Table 2 . By the final round of voting, the group was able to reach perfect consensus in 15 of 29 vignettes (45%), with at least moderate consensus in all scenarios. CT continued to be recommended in 7 of 29 scenarios (24%). All vignettes, along with final level of consensus and voting by modality, are shown in Table 1 .
LIMITATIONS
Many more permutations of the clinical vignettes were possible. We chose 29 scenarios to represent the best balance of major factors with the least number of scenarios. The scenarios are skewed toward those in which the clinical likelihood of a kidney stone is high according to objective criteria. 24 Although we did include scenarios with stone being less likely and found that in these scenarios practitioners were more likely to request CT, there may have been a bias toward assuming these scenarios represented kidney stone and no other diagnosis.
The definition of "consensus" varies across the Delphi process. 25 Although a simple majority (5/9) may be considered a low bar for consensus, we did reach a consensus level of at least 8 of 9 in 80% of scenarios. Consensus levels were defined before voting, and we chose to emphasize transparency. The work of this group represents an expert consensus with representation from 3 specialties. Although our process differed from specialtyspecific guideline development, we were unable to find an existing process for endorsement by 3 specialty societies and believed that our process represented the best approach for the multispecialty nature of this work.
DISCUSSION
To our knowledge, this article presents the first systematic, multispecialty, evidence-based consensus in regard to imaging in renal colic. We were able to reach consensus across specialties for specific clinical scenarios in which CT could be avoided. When CT is needed, a reduced-radiation approach should be used.
We reached at least moderate consensus in all scenarios, with perfect or excellent consensus in 80%. Question 1 is the base-case scenario: a 35-year-old man with a history of kidney stones who presents with typical symptoms and adequate pain relief. No respondents favored initial CT for this patient. Although 5 respondents recommended pointof-care ultrasonography, there was perfect consensus that no additional imaging was needed regardless of the presence or absence of hydronephrosis after point-of-care ultrasonography was performed (questions 7 and 8). In the same scenario but without history of stone (question 4), there was perfect consensus for point-of-care ultrasonography as the initial imaging modality.
One respondent recommended reduced-radiation-dose CT regardless of point-of-care ultrasonography result in the scenario in which the patient had no history of stone (question 4). This respondent was an emergency physician and this response is highlighted because it is in line with a common teaching in emergency medicine that every firsttime stone requires CT. However, 8 of the 9 members of the group (including all 3 urologists) did not think a CT was required in this young patient with typical symptoms and relief of pain even if it was a first-time stone.
When the clinical presentation of the case was less typical in a patient with a history of stones (question 13), there was still good consensus that ultrasonography would be the best initial modality, although some respondents (2/ 9) favored CT. This suggests that as the presentation becomes less typical, CT is favored. Performance of pointof-care ultrasonography for a patient with less typical symptoms (questions 14 and 15) altered the recommendation for subsequent CT. Although there was still moderate consensus for no further imaging for a young patient with atypical symptoms and no hydronephrosis (5/ 9; question 15), the absence of hydronephrosis on point-ofcare ultrasonography led 4 of 9 respondents to recommend reduced-radiation-dose CT. Daniels et al 17 likewise suggested that for patients with a moderate likelihood of stone and point-of-care ultrasonography demonstrating hydronephrosis, no further imaging is indicated, whereas absence of hydronephrosis suggests that an alternate diagnosis should be considered. Questions 2 and 3, 5 and 6, and 17 and 18 included scenarios identical to those of questions 1, 4, and 16, with ages altered to 55 and 75 years. For aged 75 years, regardless of history of stones or presentation, there was good to perfect consensus that CT should be obtained, with reduced-radiation-dose CT favored (questions 3, 6, and 18). For aged 55 years, when there was a history of a kidney stone and a typical presentation (question 2), there was moderate consensus (5/9) for no imaging, with the remainder of participants (4/9) recommending point-ofcare ultrasonography. For a 55-year-old with no history of kidney stone, there was perfect consensus that reducedradiation-dose CT should be obtained (question 4), with perfect consensus that CT be obtained with a less typical presentation (question 17). When the base case was varied to the female sex in a young patient with no history of stones (question 12), there was excellent consensus for ultrasonography (8/9), with 6 respondents recommending point-of-care ultrasonography. Two respondents chose radiology-performed ultrasonography (versus none with the male sex), which would be reasonable, particularly if radiology ultrasonography were definitive for stone size and location, allowing avoidance of CT. Radiology-performed ultrasonography may also be diagnostic of pelvic or adnexal pathology that could be present acutely in a female patient.
Even for a young patient with a history of stones and whose symptoms could not be appropriately relieved, reduced-radiation-dose CT was recommended with perfect consensus (question 9). We acknowledge that a short period of observation may be necessary, and if adequate analgesia cannot be achieved, reduced-radiation-dose CT may identify a stone requiring intervention.
There was perfect consensus that for a patient with stent placement for kidney stone, point-of-care ultrasonography was the preferred test (question 29). The presence of hydronephrosis suggests a nonfunctioning stent, whereas in the absence of hydronephrosis with adequate pain control, the patient could be discharged without further imaging. For a patient with pain after lithotripsy, there was good consensus that ultrasonography should be performed, with 5 respondents favoring radiology-performed ultrasonography. The urologists noted that radiologyperformed ultrasonography would be more likely to identify a postprocedural hematoma, favoring radiologyperformed ultrasonography over point-of-care ultrasonography.
If CT is not initially performed, some patients will require subsequent CT if the stone does not pass spontaneously. This should be explained to patients before discharge (suggested follow-up instructions are shown in Appendix E5, available online at http://www. annemergmed.com).
In summary, in accordance with systematic literature review and consensus by a modified Delphi method, we recommend that for younger patients (z35 years), even without a history of stones, CT may be avoided as long as pain is controlled (perfect consensus). For middle-aged patients (z55 years), we recommend CT if there is no history of kidney stones. For older patients, we recommend CT regardless of history. Pregnant and pediatric patients with a typical presentation should undergo ultrasonography and do not require initial CT if symptoms are relieved. We recommend reduced-radiation-dose CT whenever CT is used for suspected renal colic. 
